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What Is Claimed Is: 

1 . A selV-aligned method of forming a semiconductor memory array of floating gate 
memory cells in a semiconductor substrate, each memory cell having a floating gate, a first 
terminal, a second terminal with a channel region therebetween, and a control gate, the method 
5 comprising the steps ofA 

a) forming aWurality of spaced apart isolation regions on the substrate which are 
substantially parallel to oAe another and extend in a first direction, with an active region between 
each pair of adjacent isolation regions, the active regions each comprising a first layer of 
insulation material on the semiconductor substrate and a first layer of conductive material on the 

1 0 first layer of insulation material; 

b) forming a plurality of spaced apart blocks of insulation material in each of the 
active regions and over the first layer of conductive material; 


1 71 


c) forming a pluralityvof spaced apart blocks of conductive material in each of the 


43 active regions that are each dispose^ over and insulated from the substrate and adjacent to one of 
the blocks of insulation material; 

d) forming m^octixe laVer of material over a first portion of each of the blocks of 
conductive material, wlferein a second portion of each of the blocks of conductive material is left 
uncovered by the layer of protective material; 
J e) etching away the second portions of the blocks of conductive material to form a 


^ft substantially vertical sidewall portion on each of the blocks of conductive material; 
^ f) forming a plurality of first terminals in the substrate, wherein in each of the active 

regions each of the first terminals has a side edge that is aligned to one of the substantially 

vertical sidewall portions; and \ 

g) forming a plurality of second terminals in the substrate, wherein in each of the 
25 active regions each of the second terminals is spaced apart from the first terminals. 

2. The method of claim 1 , wherein on\of the blocks of conductive material in each 

of the active regions extends across adjacent isolation regions and is electrically connected with 

\ 

blocks of conductive material formed in adjacent active regions. 
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3. The method of claim 1, further comprising the steps of: 
removing the protective layer of material from the blocks of conductive material, and 
forming a layer \f metalized silicon on the blocks of conductive material. 

5 4. The method of claim 1 , wherein the first layer of conductive material is formed 

with a plurality of sharp edges each extending toward one of the blocks of conductive material. 

5. The method oi\claim 1 , wherein the formation of the protective layer includes the 
steps of: 

10 forming a layer of insulation material over the second portions of the blocks of 

conductive material; and 

forming a spacer of insulatipn material over at least part of the first portions of the blocks 
-it of conductive material. 


6. The method of $laim 1 Awherein each of the first portions of the blocks of 
conductive material includes Slower portion that is disposed adjacent to and insulated from the 

CO first layer of conductive mat^Hal. 

\ 

O 

7. The method of claim 6, wherein each of the first portions of the blocks of 
fU \ 

26 conductive material includes an upper portion that extends over and is insulated from a portion 


of the first layer of conductive material. 


8. The method of claim 7, wherein each of the first portions of the blocks of 
conductive material forms a control gate having ataotch formed underneath the upper portion. 

X 

9. The method of claim 1, further comprising the steps of: 

forming a side wall spacer of insulating material along each of the substantially vertical 
sidewall portions; and ^ 

forming a layer of metalized silicon in each of tlie first terminals immediately adjacent to 
30 one of the side wall spacers, wherein each of the layers of metalized silicon is self-aligned to the 
one of the first terminals by one of the side wall spacers. \ 
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10. The method of claim 9, further comprising the step of: 

forming a conductive material over each of the first terminals and against the side wall 
spacer self aligning one of the layers of metalized silicon thereto. 
5 \ 

11. The method oV claim 1, further comprising the steps of: 

forming a side wall spacer of insulating material along each of the substantially vertical 
sidewall portions such that pairaof the side wall spacers are adjacent to but spaced apart from 
each other with one of the first terminals substantially therebetween; 

10 forming a layer of metalized silicon in each one of the first terminals between a pair of 

the side wall spacers corresponding™ the one first terminal such that the layer of metalized 
silicon is self-aligned to the one first terminal by the corresponding pair of side wall spacers; 

£3 forming a layer of passivation material over the active regions; 

as \ 

forming contact openings through the passivation material, wherein for each of the 



contact openings: 

the contact opedffgexfends\lown to and exposes one of the metalized silicon 


co la y ers > 

the contact opening has a lower^portion bounded by the corresponding pair of side 

H wall spacers, and 

FU v 

the contact opening has an upper portion that is wider than a spacing between the 

corresponding pair of side wall spacers; and 

filling each of the contact openings with a conductive material. 

V 

V 

\ 

12. A self-aligned method of forming a semiconductor memory array of floating gate 
25 memory cells in a semiconductor substrate, each memory cell having a floating gate, a first 

terminal, a second terminal with a channel region therebetween, and a control gate, the method 
comprising the steps of: \^ 

a) forming a plurality of spaced apart isolation regions on the substrate which are 
substantially parallel to one another and extend in a first direction, with an active region between 
30 each pair of adjacent isolation regions, the active regions each comprising a first layer of 
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insulation material on the semiconductor substrate and a first layer of conductive material on the 

\ 

first layer of insulation material; 

\ 

b) forming a^plurality of spaced apart first trenches across the active regions and 
isolation regions which arb substantially parallel to one another and extend in a second direction 

5 that is substantially perpendicular to the first direction and exposing the first layer of the 
conductive material in each ^f the active regions; 

c) forming first siae wall spacers of a material on side walls of the first trenches; 

\ 

d) forming a second side wall spacer of a material on each of the first side wall 
spacers; 

10 e) forming second trenches in each of the active regions adjacent to the first 

trenches, wherein the formation of the second trenches includes removing the first side wall 


spacers; 

f) filling each of the se$md trenches with a second conductive material to form 
*Q blocks of conductive material; 


g) forming a protective layer of material over a first portion of each of the blocks of 

II \ 

? conductive material, wherein a second portion of each of the blocks of conductive material is left 
M j ' \ 
£0 uncovered by the layer of protective material;; 

\ 

h) etching away the second portions of the blocks of conductive material to form a 
^ substantially vertical sidewall portion on each of the blocks of conductive material; 

2$ i) forming a plurality of first terminals in the substrate, wherein in each of the active 

regions each of the first terminals has a side edge that is aligned to one of the substantially 


vertical sidewall portions; and \^ 

j) forming a plurality of second terminals in the substrate, wherein in each of the 

\ 

active regions each of the second terminals is spaced apart from the first terminals. 


13. The method of claim 12, wherein one of th^ blocks of conductive material in each 
of the active regions extends across adjacent isolation regions and is electrically connected with 
blocks of conductive material formed in adjacent active regions. 
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14. \ The method of claim 12, further comprising the steps of: 

removing the protective layer of material from the blocks of conductive material, and 

forming a layer of metalized silicon on the blocks of conductive material. 

5 15. The method of claim 1 2, wherein the first layer of conductive material is formed 

with a plurality of shVrp edges each extending toward one of the blocks of conductive material. 

16. The method of claim 12, wherein for each of the blocks of conductive material: 
the block \s insulated from the substrate, and 

10 the block includes a protruding portion, formed by an indentation in the second 

trench side wall, that is disposed over and insulated from the first layer of conductive 
material. 

Q 

17. The method of claim 1 6, wherein each of the first portions of the blocks of 
|t conductive material fonfls^ control gate having a notch underneath the protruding portion. 

jn 1M 

{q 18. The method of claim 12, wherein a lower portion of each of the first portions of 

* the blocks of conductive material is\disposed adjacent to and insulated from the first layer of 

U 

Si conductive material. 


US 


U 19. The method of claim 12\ wherein the formation of the first trenches comprises the 

steps of: 

forming at least one layer of material over the first layer of conductive material; 
selectively etching through the at least one layer of material to form top portions of the 
25 first trenches, wherein the first and second spacers are then formed in the first trenches; and 

etching between the second side wall spacers in each of the first trenches and through the 


first layer of conductive material to form bottom portions of the first trenches; 

wherein the bottom p 
portions of the first trenches 


\ 

wherein the bottom portions of the first trenches have a smaller width than that of the top 
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20. \he method of claim 12, further comprising the steps of: 

forming a third side wall spacer of insulating material along the substantially vertical side 
wall portion of each of the blocks of conductive material; and 

forming a llyer of metalized silicon in each of the second terminals immediately adjacent 
to one of the third side wall spacers, wherein the layer of metalized silicon is self-aligned to the 
one third side wall spacer. 


21 . The method of claim 20, further comprising the step of: 

forming a conductive material over each of the first terminals and against the third side 

v, - 

10 wall spacer self aligning one of the layers of metalized silicon thereto. 

22. The method ofclaim 12, further comprising the steps of: 

¥ forming a third side wall spacer of insulating material along each of the substantially 

\Q vertical sidewall portiortssuch that pairs of the third side wall spacers are adjacent to but spaced 

ijfl apart from each other jmh one ofvthe first terminals substantially therebetween; 
p forming a laygp^of metalized silicon in each one of the first terminals between a pair of 

CO the third side wall spacers corresponding to the one first terminal such that the layer of metalized 

IU silicon is self-aligned to the one first terminal by the corresponding pair of third side wall 

* \ 

^ spacers; V 
fU \ 

3®§ forming a layer of passivation material over the active regions; 

forming contact openings througl\the passivation material, wherein for each of the 
contact openings: 

the contact opening extends clown to and exposes one of the metalized silicon 

layers, 

25 the contact opening has a lower\portion bounded by the corresponding pair of 

third side wall spacers, and \ 

the contact opening has an upper portion that is wider than a spacing between the 
corresponding pair of third side wall spacer^; and 
filling each of the contact openings with a conductive material. 
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23. An electrically programmable and erasable memory device comprising: 
substrate of semiconductor material of a first conductivity type; 
s£) firsUiihd second spaced-apart regions in the substrate of a second conductivity type, with 

a channel region therebetween; 


a first insulatiorHayer disposed over said substrate; 

an electrically conducive floating gate disposed over said first insulation layer and 
extending over a portion of the channel region and over a portion of the first region; 

a second insulation layer dispbsed over and adjacent the floating gate and having a 
thickness permitting Fowler-Nordheim timneling of charges therethrough; 
10 an electrically conductive control gate haying a first portion disposed adjacent to and 

insulated from the floating gate and a second portibn extending over a portion of the second 
insulation layer and a portion of the floating gate, the Ct^ntrol gate having a substantially vertical 
*jj sidewall portion; and 

an insulation spacer formed adjacent to the substantial^ vertical sidewall portion of the 
control gate; 

wherein the second region has an edge that is aligned with theyibstantially vertical 
p] sidewall portion. 

□ 2- / 

yF. The device of claim further comprising: 

i|| a third insulation layer formed over a top surface of the control gate. 

3 ' 

J2*£ The device of claim y£ wherein the floating gate includes a sharp edge portion 
that extends toward the control gate. 

25 ffi The device of claim £#T the first and second portions of the control gate form a 

notch into which the sharp edge portion of the floating gate extends. 

The device of claim further comprising: 
a layer of metalized silicon formed on the second region and aligned to the insulation 

30 spacer. 
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28. An array of electrically programmable and erasable memory devices comprising: 

substrate of semiconductor material of a first conductivity type; 
spaced apart isolation regions formed on the substrate which are substantially parallel to 
one anotherVid extend in a first direction, with an active region between each pair of adjacent 
isolation regioW 

each of tfte active regions including a column of memory cells extending in the first 
direction, each of tfte memory cells including: 

first ancisecond spaced-apart regions formed in the substrate having a second 
conductivity type\with a channel region formed in the substrate therebetween, 
10 a first insulation layer disposed over said substrate including over said channel 

region, 

an electrically conductive floating gate disposed over said first insulation layer 
and extending over a portion^ the channel region and over a portion of the first region, 
and 

a second insulation layer deposed over and adjacent the floating gate and having 
a thickness permitting Fowler-Nordhbim tunneling of charges therethrough; and 


m 

CO a plurality of electrically conductive control gates each extending across the active 

a \ 

f 'i regions and isolation regions in a second direction substantially perpendicular to the first 
1$ direction and having a first portion and a second portion, wherein each of the control gates 

2p intercepts one of the memory cells in each of the active regions such that the first portion is 

fi \ 

positioned adjacent to the second insulation layer and the floating gate and the second portion 

partially extends over the second insulation layer and the floating gate, and wherein each of the 

control gates has a substantially vertical sidewall portion; and 

a plurality of insulation spacers each formed adjacent to one b|*the substantially vertical 
25 sidewall portions of the control gates; 

wherein the second region has an edge that is aligned with the substantially vertical 
sidewall portion. f 

7 <C 

' ^ The device of claini^S, further comprising: 
30 a third insulation layer formed over a top surface of each of the control gates. 
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0 ^ The device of claim wherein each of the floating gates includes a sharp edge 
portion that extends toward one of the control gates. 

J/f. The device of claim^CC wherein for each of the control gates, the first and second 
portions form a notch into which the sharp edge portion of the floating gate extends. 

^f. The device of claim ^ further comprising: 

a layer of metalized silicon formed on each of the second regions and aligned to the 
corresponding insulation spacer. 
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